Electroencephalograms EEG and topographies of experimental subjects heard neumaticnoise have been measured. Auditory evoked potential AEP and event-related potential ERP occur one after another. Alpha waves disappear and beta waves appear as the result of analysis of frequency map. Loudness of pneumatic noise is estimated by Steavns power law used brain potential of beta wave in ERP.
Introduction
Pneumatic system having superior characteristics is suitable for assistance to men.
Although the pneumatic system has been developed to cooperate with men, there are some problems.
Particularly, noise generated from components in the system jars on us. The noise is generally evaluated by A-weighted sound pressure level in order to estimate easily the loudness level. In Japanese Industrial Standard, a method of measuring the level is provided [1] .
However, we feel that the noise decreased that level is harsh. Therefore, the discordant noise must be study from psychological and physiological views in addition to physical view. This paper is intended to report physiological responses induced by pneumatic noise. The responses are investigated experimentally from the two points of view, one electroencephalogram EEG and frequency map and the other autonomic functions.
Basic equation
Relation between sensual quantity and physical quantity is expressed by Stevens power law [2] . This is given by Equation (1 •EIn the period I, spikes occur for 1.6 seconds.
•E n the period II, high frequency waves continue for 11.6 seconds.
•E In the period III, amplitude of waves decreases. Figure 6 shows frequency maps. At the first stage the alpha waves occur at the occipital region of head. It is shown that the subject is relaxing. In the period II, the beta wave 1 appear at the frontal and the central region of head and the alpha waves disappear owing to the mental activities. In the period III, alpha waves appear again.
Evaluation of noise considering sensitivity
The loudness of the reduced jet noise is evaluated using Stevens power function. Firstly, the period contained the feeling of loudness against the noise is determined. The AEP doesn't depend upon the mental conditions and the latency of the AEP is 300ms [4] . The latency of the ERP is larger than that of the AEP because information in the sensorial area is transmitted to the area where the ERP occurs [5] . The electromyogram EMG is included in the period I because the subject is surprised to hear the sudden noise and part of the body is moved reflexively. The experimental subject doesn't feel the strain in the period III. These results means that the loudness against the noise is reflected on the period II except for two periods. Secondly, it is reported that men judge unpleasant in the limbic system and that feeling causes the beta wave [6] . Therefore, the brain potential of beta 1 is substituted for the magnitude of sense I in Eq. (1) Thirdly, the brain potential of beta 1 is the average of four disk electrodes F3, F4, C3, C4 for 10 seconds in the period of II. Four disk electrodes are located on the frontal and the central region of head.
These regions manage high mental activities for example emotions, thoughts, and sentiments. Figure 7 shows the relation between the brain potential of beta 1 and sound pressure of the reduced jet noise. A value of n in Eq. (1) Standard values of both the heart rate and the respiratory rate at rest [7] are shown in Table2 Figure 9 shows the heart rate for one minute.
One minute is divided into the same stages as before.
The heart rate at the first half of one minute (the first stage i.e. from Osec. to 30sec.) fluctuates because of the respiratory sinus arrhythmia based on the activity of the parasympathetic nervous system. The frequency of the fl uctuation is 0.23Hz. An average of the heart rate in the fi rst stage is 62.0 bpm. The heart rate fluctuates after it increases rapidly at the beginning of the second half of one minute (the second stage i.e. from 30sec. to 60sec.) because of the antagonism caused by the sympathetic nervous system and the parasympathetic nervous system. The respiration rate of the reduced jet noise for one minute is shown in Fig.11 . The respiration rate in the second stage increases. This is respiration caused by a special reflex.
In Figure 12 , the electric potential in the second stage increases because of mental sweating.
These results of autonomic functions and those of brain potential are considered, bringing them closer to each other. Pneumatic noise is transmitted to hypothalamus, limbic system, and cerebral cortex through auditory organs as shown in Fig.13 . The information of emotion judged to be unpleasant in the limbic system is projected on the cerebral cortex. This results in both occurrence of the beta wave and the alpha attenuation. Furthermore, the information is transmitted to the heart and the lung from the hypothalamus through sympathetic nerve system so that the heart and the lung are activated. The heart rate fluctuates and the mental sweating is generated by the information from the cerebral cortex. Those responses are a result of defense reaction to a stressor. Four experimental subjects are classified into two personalities: type A and type B. Persons of type A feel a lot of strain against the external stimulus, on the other hand, persons of type B feel a little strain. Three subjects that belong to type B indicate the physiological responses as well as a subject of type A. The loudness of the noises generated from pneumatic equipments will be able to compare using the value of n.
Furthermore, it has been made clear that the pneumatic noise influences the heart rate, the respiration and the mental sweating and that the pneumatics noise is stress.
